The illegal use of opiates and cocaine is a challenge world-wide, but some derivatives are also valuable pharmaceuticals. Reference samples of the active ingredients and their metabolites are needed both for controlling administration in the clinic and to detect drugs of abuse. Especially, 13 C-labeled compounds are useful for identification and quantification purposes by mass spectroscopic techniques, potentially increasing accuracy by minimizing ion alteration/suppression effects. Thus, the synthesis of [acetyl- 13 C]codeine and phenyl-13 C6-labeled derivatives of cocaine, benzoylecgonine, norcocaine and cocaethylene was undertaken to provide such reference materials. The synthetic work has focused on identifying 13 C atom-efficient routes towards these derivatives. Therefore, the 13 C-labeled opiates and cocaine derivatives were made from the corresponding natural products.
Introduction
Drug abuse has a huge impact on individuals, their families, but also on society as a whole, due to loss of productivity, premature mortality, crime and healthcare costs [1] . However, narcotic drugs and psychotropic substances also have a variety of medical uses. Most importantly, opioids, such as codeine and morphine are indispensable for relieving moderate to severe pain [2, 3] . Morphine is also used in the treatment of dyspnea [4, 5] , while codeine has been used for chronic cough [6] and diarrhea [7] . Heroin is a potent synthetic opiate analgesic synthesized from morphine by acetylation [8] , but is banned for its high addictive character and finds little use in medicine. It is the most abused opiate and has become a worldwide rapidly increasing health problem. Some countries have started substitution therapy of heroin addicts, where the patient receives daily heroin doses under strict supervision [9] .
In vivo, these drugs undergo metabolism to give a range of derivatives [10, 11] . Thus, efficient analysis of both drugs and their metabolites in biological fluids are required in the fields of clinical toxicology and forensic toxicology, but also for workplace drug testing, testing of driving under the influence of drugs, doping analysis and rehabilitation programs. Moreover, in a therapy setting, there could be a need to track the use of such medicines and to confirm that the patients are using prescription medicines and not street material of varying quality. The most relevant opiate and cocaine derivatives are shown in Figure 1 . Drug analyses, which most preferably are performed with MS/MS techniques, require reference samples of the native drug, its main metabolites, alongside isotopically-labeled analogues. The labeled derivatives are used as a reference material to correct for error in the sample preparation and the effects of co-eluting substances that could alter or suppress the MS signal [12] . Deuterated derivatives can and have been used; however, a closer look at the published analytical methods for the quantification of these substances in bodily fluids [13, 14] indicates that the protocols could benefit from using between the native drug and the deuterium analogue IS are likely to be seen when deuterium is situated in close proximity to heteroatoms [15, 16] . Moreover, analyses of polar drugs and metabolites are often affected by coeluting matrix compounds.
In the case of cocaine (5a) and its metabolites, differences in retention times, extraction efficiency and matrix effects for deuterated and unlabeled material have been noted [13, 17] . Even though these effects are relatively small (1%-20%), they could vary unpredictable from sample to sample, making quantification inaccurate. Especially, analysis of the cocaine metabolite benzoylecgonine (5c) with benzoylecgonine-d8 as IS is assumed challenging, since some of the deuterium labeling is on the ternary amino group, and the compound is relatively polar, eluting early in reverse phase systems. Furthermore, quantification of the zwitterionic polar morphine and its metabolites can be problematic using liquid chromatography [18, 19] . Relatively large differences in matrix influence on the native and deuterium-labeled IS have sometimes been observed [13] . The matrix effects can be reduced by switching from ESI to atmospheric pressure chemical ionization (APCI) ionization, but this reduces the level of quantification significantly [14, 18] . Thus, there is a need for alternative SIL IS to heighten the certainty in quantification of opiate and cocaine derivatives. This can be achieved using 13 C-labeled analogues [17] [18] [19] [20] [21] . Analytical accuracy will increase by introducing more than one 13 C-labeled atom, since overlap with the naturally abundant isotopes of the analyte being measured is minimized. Preferably, three 13 C-labeled atoms should be incorporated. On this background, we herein disclosed the 13 C-labeled synthesis of both the native compound and selected metabolites of opiates and the cocaine group of drugs to provide reference samples for quantification of drug content in biological samples.
Results and Discussion
Our aim was to synthesize 13 C-labeled opiates and cocaine-derived standards useful in analytical chemistry. Initially, various total synthetic protocols were experimentally evaluated both in the case of morphine [20, 21] and (−)-cocaine [22] [23] [24] [25] [26] [27] [28] . However, due to the complicated stereochemistry, long routes or the low yields experienced, an atom-efficient and economical synthesis could not be achieved. Thus, the 13 C-labeled derivatives were made starting from the corresponding natural products.
Synthesis of 13 C-Labeled Opiates
Our preparation of the 13 C-labeled opiates started with norcodeine (1), which can be synthesized from codeine in two steps [29, 30] . Norcodeine (1) (3) with excess acetic anhydride [8] or by the use of a catalyst to minimize the consumption of acetic anhydride [37] . We decided to use much lower priced [ 13 C2]-acetyl chloride as the reagent for the esterification inspired by the dibenzoylation procedure reported previously [38] . 
[Phenyl-13 C6]-Labeled Cocaine and Derivatives
Four cocaine derivatives were targeted, containing at least three incorporated 13 C-atoms, namely (−)-cocaine (7), norcocaine (8) , benzoylecgonine (9) and cocaethylene (10), starting from commercial (−)-cocaine (7). The chemistry utilized is shown in Scheme 2. oxalyl chloride and esterification with ethanol in an 80% yield over two steps [46] .
Analysis of the Products
The identity of the products was confirmed by co-elution with eutectic materials, GC/MS, high resolution mass spectroscopy and 1 H-and 13 C-NMR spectroscopy. 1 
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[N-Methyl- 13 C]codeine ([ Furthermore, only minor variations in 1 JCC coupling constants were observed. The chemical purity of the materials for the opiates and the cocaine derivatives were determined using HPLC with MS detection. Furthermore, it was ensured that melting points had a narrow range. The crude products contain some water. Destructive water content measured by Karl Fisher was not performed on the materials reported herein, but on unlabeled material synthesized the same way. Typically, the materials were dried for 4-6 h at 60-70 °C at 1.8 × 10 −2 mbar.
The isomeric purity of the prepared materials solely relies on the isotopic purity of the starting material (>99% pure), as no exchange is possible in these reactions. In the case of the opiates, impurities from unlabeled material can in principle be detected by 1 
Experimental Section

Chemicals and Analysis
Bulk solvents were purchased either from LabScan (Gliwice, Poland) or Merck (Darmstadt, Germany). Deuterated solvents were purchased from CDN Isotopes Inc. (Pointe-Claire, QC, Canada). All chemicals or reagents used were of the highest purity available and purchased from Sigma-Aldrich (Oslo, Norway) or Acros (Geel, Belgium). All solvents and chemicals were used as is without further purification unless otherwise stated. Anhydrous solvents were used as is and stored over activated molecular sieves. The silica-gel used for flash chromatography was Merck silica gel 60 (230-400 mesh). For chromatography, thin layer chromatography (TLC) silica gel 60F254 Merck plates/sheets were employed with visualization under UV light at 254 nm.
1 H-and 13 C-NMR spectra were recorded from Bruker Advance DPX instruments (400/100 MHz). Chemical shifts (δ) are reported in ppm relative to tetramethylsilane. Due to the high intensity of the 13 C-labeled carbons as compared to those non-labeled, and multiple coupling, some NMR resonances were not detected. In this study, the non-labeled benzoic carbonyl signal at around 166 ppm was difficult to detect, experiencing extensive coupling by the neighboring 13 C-isotopes. Isotopic purity and accurate mass determination in positive and negative mode on the final product was performed on a "Synapt G2-S" Q-TOF instrument from Waters with a resolution of 5 ppm. Samples were ionized by the use of an atmospheric pressure solids analysis probe (ASAP (1) Codeine free base was azeotropically dried with refluxing toluene in a Dean-Stark trap for 24 h. Toluene was evaporated, and a codeine (10.0 g, 33.40 mmol) solution was made in chloroform (100 mL). To this solution, sodium bicarbonate (39.7 g, 473 mmol) was added, followed by the slow addition of methyl chloroformate (50.5 g, 534 mmol). After the exothermic part of the reaction had ceased, the reaction mixture was refluxed for 6 h. The reaction mixture was cooled to 22 °C and filtered, and the solvent and excess of reagent were removed under vacuum. Dry tetrahydrofuran (100 mL) was added to the residue, and L-Selectride (115 mL, 115 mmol, 1 M in tetrahydrofuran) was slowly added at 5 °C under argon. The reaction was the left to stir at 22 °C for 2 days. The reaction was quenched by the careful addition of water (50 mL) and hydrochloric acid (3 M, 100 mL). The reaction was then vigorously stirred at 0 °C in an ice/water bath. Solid norcodeine precipitated and was isolated by filtration. The precipitate was washed with ice-water (2 × 20 mL) and chilled acetone (50 mL). The crude product was then recrystallized from boiling water (110 mL), isolated by filtration and washed with acetone (3 × 30 mL). 2 mmol) in dry ethanol (50 mL) were heated at reflux for 3 hours, and the mixture was then cooled to room temperature. The solvent was evaporated under vacuum, and water was added (100 mL). The water phase was extracted with dichloromethane (3 × 50 mL), and the combined organic phases were washed with brine (40 mL) and dried over magnesium sulfate, filtered and evaporated to dryness. The crude product was first purified by crystallization from water (60 mL) and ethanol (6 mL) and then recrystallized from pentane (50 mL) and ethyl acetate (7 mL 14.2 mL, 1.0 M in tetrahydrofuran) at reflux for 4 h. Water was carefully added (10 mL), and the tetrahydrofuran was evaporated under vacuum. Hydrochloric acid (2 M, 35 mL) was added, and the water phase was washed with chloroform (20 mL). The water phase was basified to pH 9 with ammonium hydroxide (28% solution), and the product was extracted with chloroform (3 × 50 mL).
The combined organic extracts were washed with water pH adjusted to 9 with sodium bicarbonate (20 mL), dried over magnesium sulfate, filtered and evaporated to dryness. The reaction temperature was then raised to 80 °C , and after one hour, a new portion of [ 13 C2]acetyl chloride (62.8 mg, 0.78 mmol) was added and the reaction stirred at 80 °C overnight. The mixture was cooled on an ice bath and quenched by the addition of sodium bicarbonate (50 mL). The organic phase was separated, and the water phase was extracted with dichloromethane (2 × 25 mL). The organic phases were combined, washed with water (10 mL) and dried over magnesium sulfate. After the solvent was evaporated, toluene (20 mL) was added, and the evaporation removed residues of pyridine.
The residue was washed with diethyl ether (10 mL) and recrystallized from ethanol (2 mL), which ]-7) free base (80 mg, 0.26 mmol) was dissolved in 1,2-dichloroethane (5 mL), and 1-chloroethyl chloroformate (36 mg, 0.26 mmol) was added. The reaction was refluxed (80 °C ) for 7 h. The reaction seems to have halted, and another equivalent of 1-chloroethyl chloroformate (36 mg, 0.26 mmol) was added and the reaction refluxed overnight. The mixture was evaporated to dryness under vacuum, and methanol (5 mL) was added before the reaction was refluxed for 2 h and basified with saturated sodium bicarbonate solution. The whole mixture was evaporated and the residue purified by flash chromatography on silica-gel with a basic mobile phase (240 mL dichloromethane,9 mL methanol, and 1 mL ammonium hydroxide), collecting 3-mL fractions. The product eluted in Fractions 5-10 yielded 59 mg (0.20 mmol, 77%); mp 80.9-82.0 °C , lit. [N-methyl-C-14]norcocaine [52] ]-7) free base (87 mg, 0.28 mmol) was dissolved in water (3 mL) and dioxane (3 mL). The resulting mixture was stirred at 70 °C for two days. The water/dioxane mixture was removed under reduced pressure, and the residue was washed with diethyl ether (5 mL), yielding 81 mg (0.27 mmol, 98%) of product as a white solid; mp. 156.5-157.6 °C , lit. benzoylecgonine [53] and stirred for 30 min. Excess reagent was evaporated under vacuum, and dry ethanol (2 mL) was added. The reaction was then stirred over night before ethanol was removed under vacuum. Purification was by silica-gel flash chromatography eluting with a basic mobile phase (244 mL dichloromethane, 5 mL methanol and 1 mL ammonium hydroxide) and collecting 3-mL fractions. 
